All chemical reagents (including CoCl2· 4H2O, ethanol, KOH, methanol, polyvinyl alcohol) were purchased from reliable sources (Aladdin Industrial Co., Shanghai; Sinopharm Chem. reagent Co. Ltd, China; Sigma Andrich) and used as received. All the chemicals were analytical grade in purity. Graphene oxide (GO) was synthesized by a modified Hummers Method [S1]. De-ionized water was obtained from an ultrapure purification system. The zinc foil (99.98% metal basis) was obtained from Alfa Aesar and the light emitting diode (LED) (5 mm size, ~3 V), LED bike lamp (45×20 mm, 4.2 V) and LED scroll displaying screen (93 mm×32 mm, 4.7 V) were obtained from the local supplier. . TPP (0.5 g, 0.8 mmol) was dissolved in H2SO4 (17 mL, 0.32 mol) under reflux and heating conditions (120 °C) for 2h. After cooling to room temperature, the reaction mixture was poured into 300 mL deionized water and regulated the pH to 7-8 by using NaOH. Thereafter, the as-obtained solution was concentrated and filtered to remove the Na2SO4. Subsequently, the resulted solution was added into methanol and filtrated for several times to remove the precipitated Na2SO4. Finally, the crude compound was further purified by recrystallization from methanol and acetone for three times to obtain the purified TSPP. 
TSPP (0.2 g, 0.2 mmol) and CoCl2· 4H2O (0.2 g, 1 mmol) were dissolved in 150 mL deionized water and heated to reflux for 4 h. After that, the mixture solution was concentrated and dissolved in methanol. At last, the resulted product was dried under vacuum for 12 h to obtain the TSPPCo.
S1.4 Characterization
The microstructures of the nanomaterials were observed by scanning electron microscopy (SEM Hitachi S-4800) and transmission electron microscope (TEM) recorded on a Tecnai G2 operating at 200 kV. The crystal phases were evaluated by X-ray diffraction (XRD) patterns recorded on a Rigaku-Dmax 2500 diffractometer with Cu Ka radiation. FTIR measurements performed on a Bruker IFS 66V/S spectrometer using KBr pellets. X-ray photoelectron spectroscopy (XPS) analysis conducted with ESCALAB MK II X-ray instrument was used to analyze the composition of the nanomaterials. Raman spectra were collected with a Renishaw 2000 model confocal microscopy Raman spectrometer.
S1.5 Electrochemical Measurements
The recorded potentials versus SCE were converted to a RHE scale based on the Nernst equation (ERHE=ESCE+0.241+0.059pH). To prepare the working electrode, 5 mg of Co9S8/NSG-700 was ultrasonically dispersed in ethanol (1 mL) with Nafion solution (50 μL) to generate a uniform ink. 10 μL of the catalyst slurry was dropped onto the surface of the electrode and then dried at the room temperature for the measurements of ORR/OER.
According to the LSV curves of ORR at the different potentials, the electron transfer number (n) was calculated according to the Koutecky-Levich (K-L) equations:
Where J is the measured current density using RDE, while JD and JK are the diffusionand kinetic-limiting current density, respectively. n is the number of transferredelectron per oxygen molecule and F is the Faraday constant (96,485 C mol −1 ). In addition, ω reflects the rotation rate and k is the electron transfer rate constant. 
